Background. Gene delivery within the central nervous system at postnatal age is one of the
Transfection of mammalian cells is now a common technique in all laboratories over the world. Depending on the cell type and the brain structure several systems are in use, from the lipid-based approach in the hippocampus (Buerli et al. 2007) or in the dopaminergic neurons (Underhill et al. 2014) to the Magnetofection method adapted from a variety of primary adherent cells in vitro (Plank et al. 2011 ) such as primary neurons (Buerli et al. 2007; Fink et al. 1997; Underhill et al. 2014; Charrier et al. 2012) , neural stem cells (Sapet et al. 2011 ), microglial cells (Smolders et al. 2018) as well as for in vivo application (Plank et al. 2011; Ohashi et al. 2014; Titze de Almeida et al. 2018) . In addition the electroporation-mediated approach is widely used for the motoneurons (Jacquier et al. 2006) or embryonic cortical structures (Ackman et al. 2009; Carabalona et al. 2011) or also retinal cells (Matsuda and Cepko 2007) . The main issue with all these techniques is the need to get sufficient cell density to assess the brain formation and finally study the brain physiology. From this perspective, up to now only viral particles offer the correct combination between the number of cells, the structure of interest and minimization of toxicity (Sapet et al. 2011; Stauffer et al. 2016) .
Nevertheless, the requirements of viral production as well as the elevated viral titer needed to proceed to in vivo infection represent clear limits in regards to the monitoring of the brain activity. Considering this concern, we developed together with OZ Biosciences a new delivery system allowing effective Central Nervous System (CNS) cell transfection with reduced toxicity. The nanoparticles-based system has already been studied for brain use (Roy et al. 2008 ) but its effect on the brain physiology was restricted to local effect. Here we used a brand new polyplexes-based approach in which DNA is complexed to BrainFectIN reagent A C C E P T E D M A N U S C R I P T protect and deliver DNA inside cells, and then their efficiency in modifying a large cell population. We demonstrated, using shRNA-encoding plasmid strategy, that by knocking down KCC2 in the hippocampus it was possible to significantly modify the brain activity, and consequently highlighting a sustained brain hyperexcitability and susceptibility to seizures.
Altogether BrainFectIN offers a potent effect with reduced toxicity and easy handling, opening new pathways for future studies aiming to modify cell populations within the CNS of postnatal animals. DNA release from complexes. After 30 minutes incubation at RT, doses of Dextran Sulfate (Sigma-Aldrich) ranging from 0.01 to 0.5 mg/mL final in PBS were added to complexes of BrainFectIN and DNA (ratio 2:1). The DNA release from polyplexes was monitored by electrophoresis on 1% agarose gel.
Stability of complexes.
The stability of polyplexes was first evaluated by electrophoresis on 1% agarose gel after 15 minutes to 3 hours incubation at RT using a 2:1 ratio. Complex stability and DNA release at ratios ranging from 0.5:1 to 3:1 were also studied by measuring the DNA accessibility to fluorescent nucleic acid binding reagent SYBR™ Gold (Thermo Fisher Scientific) on a fluorescence plate reader (CytoFluor Series 4000, Perceptive Biosystem) at 495/20 nm excitation and 530/20 nm emission and compared to DNA alone.
DNA protection from degradation. DNA alone or complexed to BrainFectIN (ratio 2:1) was incubated in 50% Foetal Calf Serum (FCS) at 37°C from 30 minutes to 24 hours. Enzyme A C C E P T E D M A N U S C R I P T activity was then stopped by the addition of EDTA (0.5 µM). Polyplexes were finally dissociated as previously described by the addition of Dextran sulfate (0.5 mg/mL) and DNA integrity was assessed by electrophoresis on 1% gel agarose.
Particle size and zeta potential measurements. The mean hydrodynamic particle size and charge measurements for vector/ pDNA complexes were performed using Dynamic Light Scattering (DLS) and Laser Doppler Velocimetry (LDV), respectively, using Malvern Nano ZS instrument and DTS software (Malvern Instruments, UK) in a water of Grade 2. Various amounts of BrainFectIN reagent were diluted in 100 µL of water and mixed with an equal volume of the same water containing DNA. The measurements were carried out in automatic mode and the results are reported as mean +/-SEM of 3 runs. Each mean represents the average value of 30 measurements per run.
DNA extraction and purification
A pcDNA3.1-eGFP expressing-vector under cytomegalovirus promoter was transformed into Escherichia coli cells. The DNA extraction was performed using Nucleobond Xtra Midi/Maxi kit (Qiagen) according to the manufacturer's instructions. Total DNA was measured by spectrophotometry at 260nm on a nanodrop (Implen, Nanophotometer®). The DNA purity was assessed through the measurement of 260/280nm ratio. DNA having 260/280nm ratio below 1,9 were discarded from injection.
Stereotaxic procedure. Twenty days old Sprague-Dawley rats were housed in an enriched environment at INMED animal house facility, maintained in a 12 hours light/12 hours dark cycle environment with controlled temperature (23 ± 2°C), food and water were given ad libitum. The stereotaxic procedure was performed using aseptic technique. Briefly, 30 minutes before surgery, buprenorphine (0.03 mg/kg) was given intra-peritoneally (i.p) then rats were anesthetized using 4% isoflurane vaporized by air together with additional 0.3% oxygen A C C E P T E D M A N U S C R I P T enrichment. Surgical anesthesia was maintained the same way but using only 2% of isoflurane in air enriched with 0.3% oxygen while rats were positioned in a stereotaxic frame (David Kopf Instruments, Tujunga, CA). Body temperature was maintained at 37 ± 2°C with a heating pad (Harvard Apparatus). Stereotaxic coordinates were chosen to allow injection above the hippocampus (Antero-Posterior axis: -2, laterality: -3, verticality: -2). Then the skull was drilled while leaving the dura intact. Using a micro injector (micropump 4, WPI) 0.5 to 2 microliters were then injected at 100 nL/min speed using NanoFil® D needle (WPI).
The injection lasted maximum 15 minutes, and then the needle was left in place for the same duration period to prevent back-flow of cells. Altogether the total duration of the surgery did not overpass 40 minutes. The skin was sutured and animals placed in the post-operative room of the facility. Brains were then either perfused and fixed for immunochemistry or freshly dissected for Western blot analysis 3 to 10 days after the injection.
Able for In control, eGFP plasmid was transfected using JetPEI (Polyplus, France) as recommended by the manufacturer protocol.
Immunohistochemistry. Rats were deeply anaesthetized with i.p injection of ketamine/xylazine then transcardiacally perfused with cold phosphate buffer saline (PBS 0.01M) prior to 3% paraformaldehyde solution (AntigenFix, Diapath). Brains were post-fixed overnight in 3% paraformaldehyde at 4°C and then coronally sliced with a Leica VT1200S Vibratome (60 μm thickness). Sections were permeabilized and blocked in PBS with 0.3% Triton X-100 and 5% normal goat serum (NGS) for 1 hour at room temperature. Incubation with primary antibodies diluted in PBS with 5% NGS and 0.1% Triton X-100 was carried out at 4°C overnight using anti-GFP (G1544, Sigma-Aldrich), anti-Gad67 (MAB5406, Merck), anti-Iba1 (W1W019-19741, Wako) and anti-GFAP (Z033429-2, Agilent Dako). After rinsing 3 times in PBS, slices were incubated with the corresponding Alexa Fluor 488-conjugated secondary antibodies diluted in PBS (1/500, Thermo Fisher Scientific) for 2 hours at room
temperature and finally counterstained for 1 minute with Hoechst 33258 (10 μg/mL in PBS, Sigma-Aldrich). Sections were then mounted onto Superfrost Plus glass slides in Fluoromount G mounting medium. For each section, images were taken using a confocal microscope with 4x, 10x, 20x or 40x objectives.
Western blot analysis. Animals were killed by decapitation after deep isoflurane anesthesia.
Hippocampi were quickly dissected out, flash-frozen in liquid nitrogen and stored at -80°C until processed. Brain tissue was homogenized in RIPA buffer (50 mM Tris-HCl pH 8; 150 mM NaCl; SDS 0.1%; Deoxycholic Acid 0.5%; 1% Triton X-100), containing complete Protease/Phosphatase Inhibitor Tablet (Thermofisher) and loaded with Laemmli 3X loading buffer. The samples were separated in 4-15% SDS-PAGE gel (Criterion gel, Bio-Rad) and transferred to nitrocellulose membrane (Whatman). After blocking in Tris-buffered saline/ 0.1% tween/ 5% bovine serum albumin (BSA), membranes were exposed overnight at 4°C to primary antibody diluted in blocking solution (Tris-buffered saline/ 0.1% tween/ 2.5% BSA) (anti-GFP, [NB600-308], Novus Biologicals). Secondary antibody (anti-mouse HRP, #MA1-10371, ThermoFisher Scientific) was applied 2 hours at room temperature before chemiluminescence assay was performed using horseradish peroxidase-conjugated detection.
Signals were revealed using ECL-plus Western blotting reagents (ECL-plus kit, Pierce Biotech) on the image analysis software G box (Syngene). Then, membranes were stripped using 50mM DTT/ 2% SDS in 50mM Tris-HCl, pH 7.0 for 30 minutes at 65°C, blocked again in Tris-buffered saline/ 0.1% tween/ 5% BSA and finally probed with anti-α-tubulin (#62204, Life technologies) or anti-β-tubulin (TUBB3 Poly18020, Biolegend) for normalization, signal detection and revelation were done following the same procedure as the one for primary antibody. Quantifications were performed using Gel Plot Analyzer plugin (ImageJ).
Seizure susceptibility test (pentylenetetrazol, PTZ).
To evaluate the susceptibility to seizures in GFP-injected versus shRNA-KCC2-injected rat, we performed PTZ injection 10 days after
transfection (10dpt) at the age of 30 days old. PTZ (25 mg/kg; Sigma) was administered intraperitoneally every 10 minutes until generalized seizures occur. Under these conditions both the number of injection and time to induce generalized seizure were plotted (Petit et al. 2014 ).
Volumetry Analysis. Coronal 60µm thick vibratome sections were stained for eGFP using anti GFP antibody (as indicated in the immunochemistry part), digitized, acquired and analyzed using 10x objective for eGFP presence. Brain volume measurement was performed essentially as described (Schaible and Straub 2014) . Briefly, slices were cut between from -1.13 to -6.76 mm anterior to the Bregma, allowing to obtain between 90 and 100 slices, the area of both hemispheres positive for eGFP was measured and volume was calculated by summation of areas multiplied by the number of positive sections.
Statistical Analysis.
All mean values are given with the standard error mean (sem). Normality was tested using a d'Agostino-Pearson test under Prism Software. Two-tailed Student's test was used for testing statistical significance between two groups and Mann-Whitney test used when normally test failed. Statistics were done using Prism software, Version 5.0 (GraphPad software, Inc., La Jolla, CA, USA) and represent as following: * p <0.05; ** p <0.01 and *** p <0.001; all results and statistical significance are reported in Appendix table S1.
Polyplexes, complex formation& stability
BrainFectIN, a cationic amphiphilic block co-polymer, was synthesized and formulated by OZ Biosciences. A full physico-chemical characterization was performed before starting biological experiments. Several parameters related to transfection were studied such as the polymers' capacities to complex, release and protect DNA from degradation. It was necessary to validate that BrainFectIN was able to condense and release DNA and that its use was totally compatible with the design of biological in vivo experiments. Our first set of results confirm that BrainFectIN complexes with DNA as polyplexes, which are completely retained in the agarose gel at a ratio of 2:1( fig 1A) . Furthermore, DNA started to be released from the polyplexes in presence of 0.5 mg/mL Dextran Sulfate ( fig 1B) . This set of data confirms that the BrainFectIN polymer posseses the main properties required being an effective DNA vector.
During an in vivo biological assay, an important parameter is the kinetics of experiment; depending on the number of animals being injected for transfection, differences in incubation times may occur between the first and the last injected complexes. It was thus necessary to check that incubation time neither impairs the capacity of BrainFectIN to form complexes with DNA, nor induces massive release of DNA. The stability of polyplexes was also investigated. Results by electrophoresis on agarose gel demonstrate that incubation time from 15 minutes to 3 hours does not influence the complexion capacity of BrainFectIN with DNA at a 2:1 ratio ( fig 1C) and that no DNA is released from the complexes during this period. The use of a fluorescent nucleic acid binding reagent shows that DNA becomes less accessible to fluorescent stain as the ratio of BrainFectIN increased, confirming that DNA is totally complexed at a 2:1 ratio ( fig 1D) . Moreover, these results demonstrate also that complexes are 
Polyplexes, physico-chemical characterization
In parallel to these studies, polyplexes were formed at various BrainFectIN/DNA ratios and characterized in terms of charge and Zeta potential (fig 2). These results highlight the high capacity of BrainFectIN to complex and compact DNA even at really low ratio. Indeed, at a ratio of 0.2, we have been able to observe nanoparticles with a size remaining around 100 nanometers, indicating that an early compaction already takes place. Increasing the ratio of BrainFectIN has zero to little effect on the size of nanoparticles, leading to polyplexes with sizes ranging from 90.3 nm (ratio 2) to 115.2 nm (ratio 0.75). This range of particle size is compatible with in vivo application and should allow the nanoparticles to enter the cell through non-clathrin-mediated endocytosis. The smallest observed particles are formed at ratio 2:1 confirming thisis the most suitable ratio for complete DNA complexation and compaction.
On the other hand, the evolution of the Zeta potential logically increases with the introduction of larger amount of BrainFectIN, remaining negative at a ratio lower than 1 (values ranging from -17.9 mV to -10.9 mV). The inversion in sign takes place at polymer/DNA ratio between 0.75 and 1. Starting from there, increasing the amount of BrainFectIN from 1 to 2 versus DNA has only a marginal effect on the Zeta potential which remains around 29 mV. Another
shift is observed starting at ratio 3, which sees the Zeta potential becoming more intensively positive. Again, the value observed at ratio 2 (28.4 mV), which is high enough to promote interactions between the polyplex and the cell's membrane but still low enough to avoid excessive toxicity, places this ratio as the most fitted for preliminary transfection test. Figure 3 depicts the study of stability over time, of polyplexes formed in water with BrainFectIN and DNA at ratio 2, using DLS measurements. This must be considered together with the results observed in fig 1, and leads to the same conclusions. Indeed at this ratio, the polyplexes exhibited the same physico-chemical properties during the first hour and a half (sizes around 105 nm and zeta potential around 30 mV) suggesting a good stability in water.
Extending the test to 2 hours slightly increases the values (which are 173 nm and 41.5 mV after 2 hours of incubation), which however remained unchanged after 3 hours incubation.
This latter fact tends to prove that this slight change is more likely due to a complex reorganization after 2 hours than a regular aggregation and does approve that BrainFectIN used with DNA at ratio 2 allows its great complexation, making it suitable for in vivo purposes.
In vivo use in rat brain
Our objective was first to test the potency of the polyplexes at reaching a region of interest within the brain. To ensure a correct location and to minimize damage we decided to use a stereotaxic-based approach. This method is largely used within the community and allowsspecific targeting of brain regions using low volumes. This method also induces improved recovery, accurate injection site and enhanced reproducibility. First, we targeted the hippocampus by selecting coordinates above the Cornu Ammonis 1, in the lateral cortex of 20-days old rats. Our first set of experiments included harvesting the brains 10 days after injection and showed a moderate level of auto-fluorescence mainly triggered by the use of (Roy et al. 2008) . To circumvent this issue and to amplify the signal we decided to process all slices for fluorescence using an antibody directed against eGFP, to enhance the signal and then confirm the specificity of the staining. After such treatment, we found positive eGFP cells all over the hippocampus, ventrally but also dorsally to the injection site in the lateral cortex ( fig 4A) . Over the 150 animals used in the study with a 2:1 ratio, 100% of the animals exhibited fluorescent signals. This result was confirmed using different DNA ratios, and even though the number of eGFP positive cells varied depending on the condition ( fig   4B) , cells were still visible in all cases.
In the light of these results, we then compared several BrainFectIN/DNA ratios to inject; ratio 1:1, 2:1 and 3:1 were selected while a fixed injection volume of 1,5 μL was kept. As showed on fig 4B c, the 2:1 ratio induced more transfected cells than the others (fig 4B b and d) . We then looked at the influence of the injected volume on the efficacy of transfection. We started with an injected volume of 2 L, combined with the 100 nL/min injection speed. This combination of parameters produced some damage to the cortical structure. Taken together with the age of the animal, we defined this combination as non-suitable for in vivo purposes.
We tested then 0,5; 1 and 1,5 L injection volume, while keeping the same injection speed.
After evaluating the tissue damage, the inflammatory processes triggered by the injection and the efficacy, we determined that, in our hands, the 1,5 L volume exhibited the best compromise ( fig 4B & C) . Thereafter, we compared our polyplexes with one lipid-based product (DreamFect) available in the OZ Biosciences' catalogue. We observed that the lipid based compound induced a significant inflammatory response that was maximal around the injection site and decreased together with the distance (data not shown). This inflammatory response is not acceptable when studying the brain function as it triggers changes in brain activity and protein expression (Robel et al. 2015) and is responsible for change in blood brain barrier permeability (Varatharaj and Galea 2017) . Consequently, such a response can
cause irreversible damages to the brain, making it both non-relevant to rat study and unsuitable for human purpose. This study allowed us to set up the optimal volume to be injected and the optimal BrainFectIN/DNA ratio.
Quantification of the diffusion (volume comparison)
We investigated the diffusion capacity of the polyplexes by looking at the localization of the transfected cells. We showed in fig 5A that For this experiment, a slice is considered positive when eGFP positive cells are observed by confocal microscopy. Each analysis was performed blind to avoid any over-estimation of the transfection efficacy. We showed that with 1.5 L injected volume together with a 2:1 ratio, positive cells were found 4 mm around the injection site in a 3D reconstruction of the brain ( fig 6A) and the diffusion rate was modulated depending on the injected volume. Finally, to ensure that this method does not trigger any inflammatory response that can be deleterious, we quantified glial fibrillary acidic protein (GFAP) expression by Western blot on the same samples used for the eGFP quantification ( fig 6B and C) . We showed an increase of the inflammation in the ipsilateral hippocampus (4.7-fold) whereas there were no significant changes in the contralateral side (2.0-fold increase). This was confirmed by immunohistochemistry analyses showing an increase of the number of GFAP and Iba1 positive cells in the ipsilateral dentate gyrus in both negative and positive control (fig 6D a, c, e and g). In fig 6D b and f that correspond to the contralateral dentate gyrus of negative and positive control we showed no increase of the number of GFAP and Iba1 positive cells.
However, in fig 6D c, d , g and h, microglia cells could be observed presenting a ramified morphology, which is a sign of a resting state of microglia with a non-activated phenotype (Burda et al. 2015) .
Efficacy and Comparison to another polymer-based compound
So far, very few transfection reagents dedicated to in vivo/Brain applications are available on the market. To confirm the potential of our polyplexes we decided to compare the efficacy of the BrainFectIN to another commercially available polymer, the jetPEI. We injected several animals (N=3) and checked for eGFP expression, keeping the coordinates unchanged but
following the manufacturer recommendation to avoid any biases. In our hand, even if some cells were visible with the jetPEI condition, the cell dispersion and the number of positive cells was strongly reduced compared to BrainFectIn condition ( fig 6E) . Additionally, when DNA alone was injected as a negative control, the relative quantity of positive cells was tremendously decreased and the eGFP expression was also very low (data not shown).
Functional relevance of the polyplexes
The next part of the study aims (1) in establishing and demonstrating that this non-viral gene delivery system could be potent enough to affect brain function and (2) in validating its use to follow neuronal functioning. We choose to take advantage of the large cell diffusion previously described in fig 6. After considering the literature, we considered this polymer as suitable to provide a relevant solution to brain physiology and brain study. Our experimental strategy was to knock-down the neuronal specific potassium chloride exporter KCC2 as this protein has been largely shown to be down regulated under pathologic conditions. Also it plays a major role in the changes of the GABAergic homeostatic processes, rendering brains hyperexcitable (Rivera et al. 1999; Medina et al. 2014; Pallud et al. 2014; Kourdougli et al. 2017 ). Moreover, impairment in KCC2 function (absence or down regulation) has also been involved in different pathological conditions, such as temporal lobe epilepsy (Huberfeld et al. 2007; Bragin et al. 2009; Kourdougli et al. 2017) , stroke (Pin-Barre et al. 2017) and spasticity (Mòdol et al. 2014) . Others and us have proposed that after epileptic seizures the expression level of the KCC2 protein is largely modified within the hippocampus (Huberfeld et al. 2007; Noebels et al. 2012; Kelley et al. 2016; Wu et al. 2016; Kourdougli et al. 2017 ). Our hypothesis supported by those observations was that genetically driven KCC2 disruption could facilitate the seizure induction by a convulsive agent acting on cell excitability. Accordingly, we transfected shRNA-encoding plasmid DNA against KCC2 using A C C E P T E D M A N U S C R I P T the same condition as previously described (1.5 L using 2:1 ratio). The construct used elsewhere were already validated in in vitro sets of experiments and showed potent action in reducing KCC2 protein expression . Consequently, 10 days after transfection at the age of 30 days old, animals were subjected to pentylenetetrazol (PTZ) injection (Carabalona et al. 2011; Hu et al. 2017) . PTZ is largely used as convulsing agent to test hippocampal function and impaired GABAergic function (Kourdougli et al. 2015; Riffault et al. 2016; Hu et al. 2017; Wang et al. 2017) . As a result, we observed that shRNA-KCC2 treated animals exhibited significantly faster seizure induction in regards to both, the number of injection ( fig 7A) and the time ( fig 7B) needed to induce generalized seizure using a protocol in which 25mg/kg of PTZ is injected IP every 10 minutes to the animals.
Altogether these data highlight the efficacy in genetically modifying a large amount of cells over the brain with a functional consequence in brain machinery. To reinforce these data, we showed that after transfection of shRNA-KCC2, the expression of KCC2 protein was, reduced by 70% and 50% in the ipsilateral and the contralateral hippocampus, respectively (fig 7C and   D) . The GFAP quantification performed on the same samples showed a significant increase in the inflammatory response in the ipsilateral hippocampus (3.67-fold increase). This was not observed in the contralateral hippocampus (2.84-fold increase which is not statistically significant) (fig 7E and F) . Fig 7G showed both the knockdown of KCC2 and the inflammatory response by immunochemistry analysis. Interestingly, this experiment showed that this polymer-based non-viral delivery system can be used as a tool to study the functionality of the entire network since the effect was not limited to the hippocampus. 
Discussion
Here we describe a novel cationic amphiphilic block co-polymer-based gene delivery method to modify a large population of cells within the postnatal CNS cells. Our nucleic acid delivery system shows a robust and potent action in stabilizing, compacting and protecting the DNA against degradation and early release within the brain. Furthermore, the nanometric size of the polyplexes (complexes of polymer and DNA) allows them to enter the cell through an endocytotic pathway and is suitable for in vivo application. Within the stereotaxically injected brain, a large diffusion area of the transfected cells together with reduced inflammatory processes was observed. Indeed, we showed a moderate increase of the inflammatory response overall mainly restricted to the ipsilateral hippocampus; this localization corresponds to the injection site and could be the result of the needle insertion into the brain in both positive and negative controls. Nonetheless, the inflammatory process remains low and doesn't spread to the contralateral side as shown by our biochemical study. This straightforward non-viral gene delivery system renders the method convenient without excessive biosafety level requirements. In addition, the cost of settin up this kind of experiment in a laboratory is highly accessible. Viral approaches, among which adenoviruses and to a lesser extent adeno-associated viruses (AAV) remain the most commonly used vectors for gene delivery in the mature CNS (Ziello et al. 2010) . These vectors however still encounter some issues that have so far hampered the development of successful gene therapy strategies. We can cite as example of these issues, transient expression and sub-optimal delivery, vector dissemination causing strong immune response (Pandori et al. 2002) , impossibility for cells lacking CAR receptors to be genetically modified (Leopold and Crystal 2007) , and dose dependent effects due to high vector titers (Xu et al. 2005) . In this way, BrainFectIN through direct injection to the desired site of action allows minimization of side effects and bypassing of biosafety limitations. Untill now, the proposed cationic amphiphilic
polymer-based gene delivery method has reached the desired level of efficacy in contrast to, the lipid-based approach that triggers high inflammatory responses and to the virus-based approach that limits the number of modified cells. Of course, this new system should be now tested in different applications in order to evaluate its possible uses at different ages, notably at the adult stages. In summary, we have described a polymer-based gene delivery system suitable for brain application that showed a large diffusion scale combined with a high efficacy system. We showed that after one single injection at low volume, different cell population could be genetically modified. The stereotaxic strategy used here to inject polyplexes directly into specific area of the brain allows reliable, reproducible and precise injections at low volume to specifically target different brain areas in order to increase cell transfection and also by using specific promoters. Altogether this non-viral gene delivery system offers the possibility to selectively modify cell sub-populations. 
